Introduction
The reliable operation of overall unit depends on the rotor-bearing system largely [1] .The investigation on dynamics characters of large rotor-bearing system has a guiding significance to the safe unit operation. The critical speed and whirl orbits of rotor-bearing system in large tube compressor have been obtained varying with bearing parameters. Meanwhile the gyroscope effect is under consideration during the simulation process. The conclusions provide a positive reference for the reliable and optimum design of rotor-bearing system.
The rotor-bearing system dynamics model
The compressor rotor which is supported with two tilting-pad bearings contains six stage impellers. The simplifications have been conducted for analysis as follows [2] : (1) The Timoshenko beam element is adopted for spindle of rotor-bearing system. The BEAM 188 of three dimensional two node linear beam is applied in the paper. Each nodes contains six freedom which means x, y, z displacement and rotation. (2) The six stage impellers and coupling are applied to rotor-bearing system in the form of attached mass and rotational inertial. The MASS 21 element is applied to simulate attached mass of impeller and coupling; meanwhile, the rotational inertial of impeller and coupling is applied through constant parameters definition. (3) The supported bearing is regarded as spring-damping element. COMBI 214 which is shown in Fig.1 is applied in the paper. Four bearing stiffness coefficients (K 11 , K 12 , K 21 , K 22 ) and damping coefficients (C 11 , C 12 , C 21 , C 22 ) are allowed for bearing setting. 
where
,{Q 1 } and {Q 2 } means mass matrix, rotating matrix, stiffness matrix and two generalized forces of system support, respectively. For the rotor-bearing system with plain bearing, Eq. (1) can be transformed to Eq. (2) with the consideration of oil film force on shaft neck. 
The Eq. (3) can be obtained through Eq. (2) for the simplification.
[
The Eq. (4) can be derived from Eq. (3) for anisotropic bearing. Table 1 . The constant values of oil film stiffness and damping parameters are generally applied in the investigations of critical speed with large rotor-bearing system. Moreover, the cross stiffness and damping effect are easily neglected in the analysis [3] - [6] . However, the stiffness and damping coefficient varies with rotational speed for most rotor-bearing systems [7] . In fact, the cross coupling of oil film stiffness and damping plays a major role in the instability of rotor system [8] . Therefore, the oil film stiffness and damping variations, as well as the influence of cross stiffness and damping are considered when the dynamics characteristics are analyzed in the paper. Table 2 Stiffness parameters of bearing 1  Table 3 Damping parameters of bearing 1 Table 4 Stiffness parameters of bearing 2 Table 5 Critical Speed Solution of Rotor-bearing System. The rotor rotates around the center line of bearing when rotating around itself due to the rotational moment, which produces forward and backward precession [7] . However, the critical speed of rotor-bearing system with forward precession is concerned during the normal operation [9] . Both the rotational moment and the bearing parameters (stiffness and damping parameters) varying with rotation speed are considered. Moreover, QR-Damped solver in which the effect of spring damping parameters are considered is adopted. The forward and backward whirl frequencies are demonstrated in a wide speed range from 2300rpm to 25300rpm with even speed as Table 6 . The critical speed of rotor-bearing system can be obtained through Campbell diagram as shown in Fig.2 . The first and second critical speeds are 65 Hz and 294 Hz; the corresponding whirl orbits are shown in Fig.3 . The first critical speed of test whose value is approximately 64 Hz (3850-3900 r/min) is in good agreement with computation result. Fig.2 Campbell diagram of rotor-bearing system 
Summary
The dynamics analysis of rotor-bearing system of large tube centrifugal compressor is conducted based on Timoshenko beam model through ANSYS 12.0. The variations of bearing stiffness and damping parameters with rotation speed, as well as gyroscopic effect are considered in the investigation of critical speed. It is shown that the impeller rotation moment can shift the critical speed of rotor system when forward whirl happens. On the contrary, the critical speed of rotor system decreases when backward whirl happens. Meanwhile, it is shown that the Timoshenko beam model possesses high accuracy for the analysis of critical speed of rotor-bearing system. The paper provides an effective computation method for the mechanical investigation of critical speed of an overall rotor-bearing system.
